









IRU V\QWKHWLF DSHUWXUH UDGDU V\VWHPV 7KH HOHFWURQLF WDUJHW
IHDWXUHV GLVWLQFW DQWHQQDV IRU WUDQVPLWWLQJ DQG UHFHLYLQJ 7KH
HOHFWURQLF WDUJHW EDVLFDOO\ UHFHLYHV D VLJQDO GRZQFRQYHUWV LW WR










*URXQGEDVHGV\QWKHWLFDSHUWXUH UDGDU *%6$5 LVXVHG LQ
WKH ILHOGV RI LQIUDVWUXFWXUH HOHPHQWV PRQLWRULQJ >@ >@ WHUUDLQ
GHIRUPDWLRQ ODQGVOLGH DQG DYDODQFKH GHWHFWLRQ >@ HDUO\
ZDUQLQJ V\VWHPV DQG IRU GHWHFWLRQ RI VWUXFWXUDO FKDQJHV LQ
EXLOGLQJV*%6$5FDQEHXVHGIRUGLVSODFHPHQWPHDVXUHPHQWV
RQ D UHDO WDUJHW DQG DOVR RQ DQ HOHFWURQLF WDUJHW LQ ERWK
PRQRVWDWLFDQGELVWDWLFFRQILJXUDWLRQV
7KHGHVFULEHG LQVWUXPHQW LV XVHG IRU DFFXUDWH GLVSODFHPHQW
PHDVXUHPHQWVRIUHPRWHWDUJHWVLQPRQRVWDWLFFRQILJXUDWLRQ,Q
WKHSUHVHQWEDFNJURXQGDQHOHFWURQLF WDUJHW RU WUDQVSRQGHUDV
QDPHG LQ >@ LV XVHIXO IRU WHVWLQJ DQG FDOLEUDWLQJ 6$5
LQWHUIHURPHWULF V\VWHPV (OHFWURQLF WDUJHWV KDYH DOVR EHHQ
VXFFHVVIXOO\ XVHG LQ WKH SDVW DV FRQWURO SRLQWV  IRU KHLJKW
GHWHUPLQDWLRQ>@QDPHGSRODULPHWULFDFWLYHUDGDUFDOLEUDWRUV
7KH HOHFWURQLF WDUJHW WUDQVPLWWHUUHVSRQGHU SUHVHQWHG LQ
WKLVSDSHUSUDFWLFDOO\HPXODWHVDWDUJHWDWDFRQILJXUDEOHUDQJH
XVLQJDFRQWUROOHGGHOD\ LQ WKHVDPHD]LPXWKSRVLWLRQDV LWV
SK\VLFDOORFDWLRQ
7KHSURFHGXUHKHOSVDW VHSDUDWLQJ WKHHFKRSURYLGHGE\ WKH
HOHFWURQLF WDUJHW IURP FOXWWHU HFKRHV IURP UHDO WDUJHWV DUULYLQJ
IURPWKHVDPHGLUHFWLRQ7KHUHIRUH WKHHPXODWHGWDUJHWFDQEH
SODFHG LQDFOXWWHUIUHHDUHDE\DGMXVWLQJ WKHGHOD\ ,W LVXVHIXO
ZKHQ SODFHG RQ D UHDO WDUJHW EXLOGLQJ WKDW LV VXSSRVHG WR EH
PRQLWRUHGRUDVDUDGDUV\VWHPFDOLEUDWRU
7KH SURSRVHG HOHFWURQLF WDUJHW GRZQFRQYHUWV WKH UDGLR
IUHTXHQF\ VLJQDO IURP WKH UHFHLYH DQWHQQD DQG PHPRUL]HV WKH
EDVHEDQG VDPSOHV ,W DSSOLHV D SURJUDPPDEOH WLPH GHOD\ WKHQ
XSFRQYHUWVWKHVLJQDODQGWUDQVPLWVLWXVLQJDQRWKHUDQWHQQD7KH
LQSXW VWDJH DPSOLILFDWLRQ WKH RXWSXW SRZHU RI WKH WUDQVPLWWHG
VLJQDO DQG WKH FDUULHU IUHTXHQF\ DUH DOO FRQILJXUDEOH 2WKHU
HOHFWURQLFWDUJHWVOLNHWKH³(&5&´DUHNQRZQWRSURGXFHDIL[HG
GHOD\ ZLWKRXW DQ\ GRZQFRQYHUVLRQXSFRQYHUVLRQ DFWXDOO\
DGGLQJ WKHGHOD\GLUHFWO\ LQ WKH5)GRPDLQ>@7KHPHQWLRQHG
SURGXFW LV QDPHG ³DFWLYH WUDQVSRQGHU´ DQG KDV WKHSXUSRVH WR
UHFHLYH WKH ZHDN VLJQDO IURP UDGDU VDWHOOLWH WR DPSOLI\ LW DQG
WUDQVPLW LWEDFN WR WKHVDWHOOLWH ,WGRHVQRWDOORZIRUDGMXVWDEOH
GHOD\ QRU FDUULHU IUHTXHQF\ %RWK WKH UHFHLYH DQG WUDQVPLW
DQWHQQDVDUHRULHQWHGLQWKHVDPHGLUHFWLRQDOORZLQJWKHXVDJHLQ
PRQRVWDWLFV\VWHPVRQO\
7KH HOHFWURQLF WDUJHW GHVFULEHG LQ WKLV SDSHU IHDWXUHV WZR
DQWHQQDVZKLFKFDQEHRULHQWHGLQDQ\GLUHFWLRQLQGHSHQGHQWO\




7KH HOHFWURQLF WDUJHW LV SUDFWLFDOO\ DQ )3*$
LPSOHPHQWDWLRQRQWKH³86535´SODWIRUP7KH³8653´
LV WKH DFURQ\P IRU ³8QLYHUVDO 6RIWZDUH5DGLR 3HULSKHUDO´ D
SODWIRUP ZLWK GXDO UDGLR WUDQVFHLYHUV ZKLFK RIIHUV D EURDG
UDQJH RI 7;5; IUHTXHQFLHV DQG D ODUJH LQVWDQWDQHRXV
EDQGZLGWK0+]
7KHSUHVHQW HOHFWURQLF WDUJHWZRUNV DW D FDUULHU IUHTXHQF\
RI *+] DQG XVHV ERWK WKH DYDLODEOH 5) WUDQVFHLYHU
GDXJKWHUERDUGV )URP WKH ILUVW GDXJKWHUERDUG RQO\ WKH 5;
VLJQDO FKDLQ LV XVHG DQG WKH VHFRQG RQH XVHV WKH 7; VLJQDO
FKDLQRQO\LQRUGHUWRPLQLPL]HXQZDQWHGOHDNDJH7KHORFDO





$GLDJUDPIRU WKHHQWLUHHOHFWURQLF WDUJHWDQG WUDQVSRQGHU
V\VWHPLVSUHVHQWHGLQILJXUH7KHSODWIRUPLVFRQWUROOHGE\D
KRVWFRPSXWHUXVLQJD3&,HLQWHUIDFH%RWKRIWKHWUDQVFHLYHUV




VDPSOLQJ SHULRG7KH DGGUHVV DW ZKLFK WKH GDWD LV ZULWWHQ LV
RIIHUHGE\DFRXQWHUZKLFKLQFUHPHQWVHDFKVDPSOLQJSHULRG





WKHPHPRU\ OHQJWK WLPHV WKH VDPSOLQJSHULRG7KHUHIRUH WKH
GHOD\FDQEHDGMXVWHGE\PRGLI\LQJWKHPHPRU\VL]H







H[HFXWHG DW WKH XVHU¶V GHPDQG HYHU\ WLPH D QHZ
GDXJKWHUERDUG LV LQVWDOOHG 7KH FRUUHFWLRQ FRHIILFLHQWV DUH
VWRUHGLQWKHPHPRU\DQGDUHSDUWLFXODUWRHDFKGDXJKWHUERDUG
)XUWKHUPRUH LQ RUGHU WR UHGXFH WKH FDUULHU SRZHU OHYHO
DQRWKHU FDOLEUDWLRQ SURFHGXUH ZDV GHYHORSHG E\ WKH DXWKRUV
%DVHEDQG$'& , DQG4 YDOXHV RQ WKH 5; SDUW DUH VXPPHG
ZLWK IL[HG SRVLWLYH RU QHJDWLYH FRHIILFLHQWV 7KH FRHIILFLHQWV
ZHUHGHWHUPLQHGHPSLULFDOO\E\PHDVXULQJWKHFDUULHUOHYHODW






























ZKHUH α LV WKH FKLUS DQJXODU UDWH IR LV WKH FDUULHU IUHTXHQF\
DQGφLVWKHLQLWLDOSKDVH
7KH UHFHLYHG VLJQDO RQ WKH HOHFWURQLF WDUJHW VLGH LV D
GHOD\HGYHUVLRQRIWKHWUDQVPLWWHGVLJQDOGHOD\HGE\WUZKLFK
LVSURSRUWLRQDOWRWKHWUDQVPLWWHUHOHFWURQLFWDUJHWGLVWDQFH
 	U7; WWV −HOBWDUJHW5;V 
7KHHOHFWURQLFWDUJHWGRZQFRQYHUWVWKHVLJQDOWREDVHEDQG
XVLQJKRPRG\QH DUFKLWHFWXUH ,W XVHV D ORFDO RVFLOODWRUZKLFK
JHQHUDWHV D FDUULHU DQG LW¶V QRPLQDOO\  SKDVH VKLIWHG
YHUVLRQ7KHUHFHLYHSDWK/2VXIIHUVIURPDUDQGRPIUHTXHQF\
VKLIWΔI/2DQGDFHUWDLQLQLWLDOSKDVHφ/2B5;
 	; =5;/2/25;/2 WIWIMWV BB H[S ϕππ Δ  





































$IWHUZDUGV WKH EDVHEDQG VLJQDO LV GHOD\HG ZLWK D






































7KH GHOD\HG VLJQDO LV GHQRWHG V%%GHOW ZKLFK LV
XSFRQYHUWHGXVLQJ WKH WUDQVPLW/2VLJQDO RQ WKH WUDQVPLW
VLGH RI WKH HOHFWURQLF WDUJHW ,W ZDV H[SHULPHQWDOO\ REVHUYHG
WKDWDSKDVHVKLIWH[LVWVEHWZHHQWKHWUDQVPLWSDWK/2DQGWKH
UHFHLYH SDWK /2 7KHUHIRUH WKH SKDVHV ZLOO EH DFFRXQWHG













































































$VVXPLQJ WKDW ERWK WKH WUDQVPLWWHU DQG WKH UHFHLYHU RI WKH
JURXQGEDVHG UDGDU V\VWHPDUH*36GLVFLSOLQHG WKH UHFHLYHG
VLJQDO LV GRZQ FRQYHUWHG WR EDVHEDQG ZLWK WKH VDPH FDUULHU
IUHTXHQF\  ,W FDQEH VKRZQ WKDW LI WKH UDQJH FRPSUHVVLRQ LV
















ZKHUH SVI LV WKH UDQJH SRLQW VSUHDG IXQFWLRQ WKH
DXWRFRUUHODWLRQIXQFWLRQRIWKHFRPSOH[HQYHORSHVW
7KH UDQJH FRPSUHVVHG VLJQDO RI WKH HOHFWURQLF WDUJHW
FRQWDLQV  LPSRUWDQW WHUPV WKH SRLQW VSUHDG IXQFWLRQ WKH
SKDVH KLVWRU\ FDUULHU WHUP DQG WZR SKDVH RIIVHWV RQH
FRUUHVSRQGLQJZLWKWKHHOHFWURQLFWDUJHW¶VIUHTXHQF\VKLIWDQG
DQRWKHU RQH GHWHUPLQHG E\ WKH SKDVH GLIIHUHQFH EHWZHHQ WKH
ORFDO RVFLOODWRUV XVHG IRU WUDQVPLW DQG UHFHLYH >@ 1RWH WKDW
WKHSVIIXQFWLRQWKDWFRUUHVSRQGVWRWKHVLJQDO¶VHQYHORSHKDV
D GLIIHUHQW GHOD\ WKDQ WKH SKDVH KLVWRU\ GXH WR WKH DUWLILFLDO
GHOD\RIWKHHOHFWURQLFWDUJHWZKLFKLVDSSOLHGLQEDVHEDQGDQG
GRHVQRWFRQWULEXWHWRWKHSKDVHWHUP
,QRUGHU WRSHUIRUPDQD]LPXWK IRFXVLQJRI WKHHOHFWURQLF
WDUJHW LQ WKH IRFXVLQJ DOJRULWKP WKH SKDVH KLVWRU\ RI WKH
D]LPXWKPDWFKHGILOWHUWKDWLVQRWLQIOXHQFHGE\WGHOKDVWREH
DUWLILFLDOO\ VKLIWHG WR WKH SRVLWLRQ RI WKH SVI LQ WKH UDQJH
SURILOH 2WKHUZLVH VLQFH WKH WDUJHW¶V DUWLILFLDO GHOD\ LV
FRPSDUDEOHRU ODUJHU WKDQ WKHSK\VLFDOGHOD\V FRUUHVSRQGLQJ
WR WKH GLVWDQFHV EHWZHHQ WKH WUDQVPLWWHUUHFHLYHU DQG WKH
WDUJHWWKHDUWLILFLDOWDUJHWFDQEHKLJKO\GHIRFXVHG
7KHILQDOWHUP\LHOGVDVSXULRXVFRQVWDQWSKDVHFRPSRQHQW
ZKLFK LV SURSRUWLRQDO WRΔI/2$QXPHULFDO HVWLPDWLRQRI WKH
GLVSODFHPHQW δU FDXVHG E\ D ΔI/2 VKLIW LV DSSUR[LPDWHO\
P SHU .+] IUHTXHQF\ VKLIW DW *+] FDUULHU
IUHTXHQF\ DQG QV HOHFWURQLF WDUJHW GHOD\ 7KHUHIRUH WKH
ΔI/2 VKLIW PXVW EH EHORZ WHQV RI NLORKHUW] IURP RQH
DFTXLVLWLRQ WRDQRWKHU LQRUGHU WRXVH WKHHOHFWURQLF WDUJHW IRU
LQWHUIHURPHWULFSXUSRVHV
% 6$5IRFXVLQJUHVXOW
7KH 6$5 LPDJH IRFXVLQJ WHVW XVLQJ WKH ³EDFNSURMHFWLRQ´
DOJRULWKPZDVSHUIRUPHGRQDVFHQHFRQWDLQLQJWKHHOHFWURQLF
WDUJHW7KH*%6$5RSHUDWHVLQWKH&EDQGDWDIUHTXHQF\RI
*+] 7KH WUDQVPLWWHG FKLUS EDQGZLGWK LV 0+] DQG
ODVWVIRUV7KHUDGDUWUDQVPLWWHULVPRYLQJRQDPOHQJWK




RI WKH ³/HX $´ EXLOGLQJ DW D OLQHRIVLJKW GLVWDQFH RI
DSSUR[LPDWHO\P






,Q RUGHU WR WHVW WKH XVDELOLW\ RI WKH HOHFWURQLF WDUJHW
GLVSODFHPHQW PHDVXUHPHQWV ZHUH SHUIRUPHG XVLQJ 6$5
LQWHUIHURPHWU\ 7KH VHWXS LV WKH VDPH RQH DV SUHVHQWHG LQ WKH
SUHYLRXV FKDSWHU ZLWK WKH VLQJOH GLIIHUHQFH WKDW WZR WUDQVPLW
DQWHQQDVDUHXVHGRQWKHHOHFWURQLFWDUJHWDVSUHVHQWHGLQILJXUH
)LJ(OHFWURQLFWDUJHWGLVSODFHPHQWPHDVXUHPHQWVHWXS
)URP WKH WZR DQWHQQDV 7; LV DOZD\V DW D IL[HG SRVLWLRQ
XVHG DV SKDVH UHIHUHQFH ZKLOH 7; LV PRYDEOH XVLQJ WZR
VFUHZV 7KH WZR DQWHQQDV DUH FRQQHFWHG WR WKH WUDQVSRQGHU




$ SKRWRJUDSK RI 7; DQWHQQD FDQ EH REVHUYHG LQ ILJXUH 
7KH GLVSODFHPHQW GLUHFWLRQPDUNHG LQ WKH SKRWRJUDSK LV 
DZD\IURPWKHJURXQGEDVHG/26GLUHFWLRQ
 7ZR LQVLWX GLVSODFHPHQWV VHWV ZHUH SHUIRUPHG IRU 7;
7KHILUVWRQHVWDUWVDWPPLQFUHDVHVDSSUR[LPDWHO\OLQHDUWR
PPDQG WKDQGHFUHDVHV WR PP7KH VHFRQGGLVSODFHPHQW
VHW LQYROYHV PRYLQJ WKH 7; DQWHQQD EHWZHHQ PP DQG
PP IL[HG SRVLWLRQV DW HDFK RI WKH DFTXLVLWLRQV 7KH 615
ZDVDSSUR[LPDWHO\G%
$ 'DWDVHW





,Q RUGHU WR FRPSHQVDWH IRU DWPRVSKHULF HIIHFWV WKH
GLVSODFHPHQWVZHUHPHDVXUHGEHWZHHQ7;DQG7;
)LJ(UURURIWKH7;7;GLVSODFHPHQWPHDVXUHPHQWIRUVHW
7KH HUURUV IRU WKH 7; UHODWLYH WR 7; GLVSODFHPHQW













 7KH HOHFWURQLF WDUJHW LV VXLWHG IRU GLVSODFHPHQW
PHDVXUHPHQW LQDVFHQHVFDQQHGE\D*%6$57KHUHODWLYH
GLVSODFHPHQW PHDVXUHPHQW HUURUV DUH EHORZ PP IRU DQ




EHWWHU VLJQDO WR QRLVH UDWLR 7KHUHIRUH LQ WKH IXWXUH WKH
GHVLJQHG HOHFWURQLF WDUJHW FDQ EH XVHG DV DFWLYH UDGDU
FDOLEUDWRUIRUGLVSODFHPHQWPHDVXUHPHQWVDSSOLFDWLRQV
9, $&.12:/('*(0(17
7KLV ZRUN KDV EHHQ SDUWO\ IXQGHG E\ 8QLYHUVLW\
3ROLWHKQLFD RI %XFKDUHVW WKURXJK WKH ³([FHOOHQFH 5HVHDUFK
*UDQWV´ 3URJUDP 83% ± *(;  ,GHQWLILHU 83%
*(;&WU1R$0,5$'SURMHFW
5()(5(1&(6
>@ $ $QJKHO * 9DVLOH 5 &DFRYHDQX & ,RDQD 6 &LRFKLQă ³6KRUW
UDQJH ZLGHEDQG )0&: UDGDU IRU PLOOLPHWULF GLVSODFHPHQW
PHDVXUHPHQWV´,(((7UDQVRQ*HRVFLHQFHDQG5HPRWH6HQVLQJ
SS
>@ / &XQORQJ & :HLPLQ / *DQJ < 5RQJ ; +HQJ\L 4 <L ³$
QRQFRQWDFW )0&: UDGDU VHQVRU IRU GLVSODFHPHQW PHDVXUHPHQW LQ
VWUXFWXUDOKHDOWKPRQLWRULQJ´6HQVRUVSS
>@ 20RQVHUUDW0&URVHWWR * /X]L ´$ UHYLHZ RI JURXQGEDVHG 6$5
LQWHUIHURPHWU\ IRU GHIRUPDWLRQ PHDVXUHPHQW´ ,6356 -RXUQDO RI
3KRWRJUDPPHWU\DQG5HPRWH6HQVLQJSS
>@ . 'XPSHU & %XFN 65 'D\ ' .LQJ 3(  *RPP ³'HVLJQ DQG






DQG)6HUEDQ ³6LPSOLILHGELVWDWLF6$5 LPDJLQJZLWK D IL[HG UHFHLYHU
DQG 7HUUD6$5; DV WUDQVPLWWHU RI RSSRUWXQLW\  )LUVW UHVXOWV´ ,(((
,QWHUQDWLRQDO *HRVFLHQFH DQG 5HPRWH 6HQVLQJ 6\PSRVLXP ,*$566
%HLMLQJ&KLQD-XOSS±
>@ 07XGRVH$$QJKHO5&DFRYHDQX0'DWFX³(OHFWURQLFWDUJHWIRU
ELVWDWLFPRQRVWDWLF6$5V\VWHPV´(86$5$DFKHQ*HUPDQ\LQ
SUHVV

